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Agenda: Operational Amplifiers

¢+ Applications for op-amps
¢ Architectures

+ Choosing an op amp for your application

e Specifications for DC performance

e Specifications for AC performance

e Specifications that affect DC & AC performance
¢ Other types of amplifiers

e Instrumentation Amps

elLog Amps

e Variable Gain Amps

e Difference Amps

e Differential Amps
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Amplifiers Are Used For...

<+— “Real” World Signals — Analog Domain—>

<— Digital Domain —>
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ALSO

+ Amplification of AC and/or DC Signals

+ Buffering (High Input & Low Output
Impedance)

e Amplifiers often used to drive ADCs
+ Driving Signals
+ Gain & Level Shifting
+ Filters

+ Current-to-Voltage or Voltage-to-
current Conversion

+ Mathematical Operations:

e Summing or Subtracting 2 or
More Sighals

e Integration or Differentiation
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hp
附注
加法\减法
合成\差分


Basic Architectures

¢+ Voltage Feedback
e Text Book Op Amp

¢ Current Feedback
e Also called Transimpedance Amps
e Typically Higher Speeds than Voltage Feedback

¢ Both Types of Architectures Respond to Input Signals by
Forcing the + and - Inputs To the Same Voltage
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Voltage Feedback Vs Current Feedback

Voltage Feedback

Re
MV

RG
—AN —

+

4|

Responds to an Error
Voltage between the Inputs

Balanced, High Impedance
on + and - Inputs

Constant Gain Bandwidth
Product

Can reduce Johnson noise with
low R values

G=2,BW=100 MHz

G=20, BW =10 MHz

Current Feedback

Re
WYAVAY

Rg
B
RO

+

Responds to a Current
Error on an Input

High + Input and
Low - Input Impedances

Bandwidth Set by
Feedback Resistor
Increasing Re reduces BW

Decreasing R reduces
stability
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hp
附注
约翰逊噪声，即热噪声

hp
线条

hp
矩形

hp
线条

hp
线条

hp
线条

hp
线条

hp
铅笔


Voltage Feedback and Current Feedback Comparison

Voltage Feedback

Current Feedback

Vo = A(S)*(V)
A(S) =A@, /(s + )
Large DC Gain, A,

Negative feedback drives input
voltage V; to nearly zero

Vo = Z(s)*(h)
Z(s) = Z,*Wp/(s + W)
Large DC Transimpedance, Z,

Negative feedback drives input
current |, to nearly zero
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Voltage Feedback and Current Feedback
Open-Loop Characteristics

Voltage Feedback
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Rf

: Cin

At high frequencies Z(s) approaches 0.

As Z(s) goes to O, input stage can drive output stage.
R, and C,, form pole to roll off high frequencies.
R, also damps possible resonances in input stage.
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Ideal Op Amp Characteristics:
¢ Infinite input impedancé%

¢ Zero output impedance
¢ Infinite bandwidth

¢ Infinite open loop gain
+No DC Errors

Zoyr=0

VOUT
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hp
附注
无穷大的输入电阻
零输出电阻
无穷大的带宽
无穷大的开环增益
没有直流偏差


Sources of Error in Op Amps

+ DC or Low Frequency Perfor%]ance affected by:

e Offset Voltage
e Input Bias Curren®
e Thermal Drift
o 1/f noise®
+ AC Performance affected by@
e BW (Bandwidth)
e Slew Rate
e Gain Error
e Settling Time
e Noise
e Distortion
+ Additional Specification?
e CMRR (Common Mode Rejection Ratio)
e PSRR (Power Supply Rejection Ratio)
e Input Common Mode Range
e Low Power and Rail to Rail Operation

10
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hp
附注
直流或低频性能

hp
附注
偏置电流

hp
附注
1/f噪声也叫闪烁噪声（flicker noise），是有源器件中载波密度的随机波动而产生的，它会对中心频率信号进行调制，并在中心频率上形成两个边带，降低了振荡器的Q值。由于1/f噪声是在中心频率附近的主要噪声，因此在设计器件模型时必须考虑到它的影响。

hp
附注
带宽
转换速率
增益偏差
稳定时间
噪声
失真


hp
附注
共模抑制比
电源抑制比（电源抑制比(PSRR)是输入电源变化量(以伏为单位)与转换器输出变化量(以伏为单位)的比值，常用分贝表示。对于高质量的D/A转换器，要求开关电路及运算放大器所用的电源电压发生变化时，对输出的电压影响极小。通常把满量程电压变化的百分数与电源电压变化的百分数之比称为电源抑制比。）
输入共模范围
低功耗和轨到轨操作


Offset Voltage

+ Adds a small voltage
to the input
¢ Vour = Gain(Vy + Egg)

¢ High Gain or High Eg
Increases effect on
output.

VIN

E
VRer %

+ Offset Voltage due to differences in input transistors
¢+ Eog can be positive or negative
¢ How to measure it:

e Configure amplifier for very high gain (G>100)

e Ground both inputs

e Measure output voltage

o Eqs = Voui/Gain
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Offset Voltage: Reducing the Error

S
¢ System calibration can compensate for initial offset voltage

¢ Offset voltage changes with temperature and time

¢ Auto-Zero Op Amps:
e Second op amp (A2) o ’ \ y

corrects offset error —IN A out

of first op amp (Al)

. . o
e Eliminates change over 4N
time and temperature!

S
e Also reduces 1/f ] \éo—

(low frequency) noise A
e Used in the same way S Z

—0C
as other op amps
e See AD8552 data sheet

for complete theory &

S = SAMPLE
Z=AUTO-ZERO
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hp
附注
系统校准可以补偿最初的偏置电压
偏置电压随温度和时间变化
自动调零运放

hp
附注
Autocorrection amplifiers are not a new technology. Various IC
implementations have been available for over 15 years and some
improvements have been made over time. The AD855x design
offers a number of significant performance improvements over
older versions while attaining a very substantial reduction in device
cost. This section offers a simplified explanation of how the
AD855x is able to offer extremely low offset voltages and high
open-loop gains.


Op Amp Specifications
Input Bias Current and Offset Current

VOUT

+ Offset error is a function of Ig, I55, and the resistors connected
around the amplifier

¢ Iz is the main source of error
e Igis usually > 10 X l5g

¢ Low Ig op amps can use large resistors without causing dramatic
errors

13 ANALOG
DEVICES



B+

Vour = - (ViR £ 15) X Re

The bias current will introduce an error term depending on the
values of the bias current and the source resistance
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Op Amp Specifications
Bias Current. Reducing the Error

+ CMOS and JFET input stages Re
have the lowest I

e Down to 10pA or less

e For example: AD8605, AD8033

eIz of FET Input op amps varies V|N® le- +
with temperature

¢ Input bias canceled op amps v

also have very low I

e Most are < 10nA Vour =- (Vi /R, 15) X Re

e For example: OP27

The bias current will introduce
an error term depending on
the values of the bias current
and the source resistance
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Op Amp Specifications
Temperature Drift
How a parameter changes with Temperature

Common drift specifications are Vg, Gain, Ig
Every product has different drift behavior

16

NUMBER OF AMFLIFIERS

Auto-zero and Gain Programmable Amplifiers typically have the

lowest drift
Example of Temperature Drift graphs:
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Figure 4. Number of Amplifiers vs. TCVos
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Figure 7. Offset Voltage vs. Temperature
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Temperature Drift: Converting to resolution or % error

+ Example application:
e Measuring 0-100 mV output from a sensor
e Operating from -10° Cto 50° C
e Offset voltage change is 1.5uVv/° C
e Initial calibration performed at 25° C

¢ Calculate difference in offset voltage due to temperature
e50° C-25° C=25° C
e 25° C—-(-10° C)=35° C (The larger temperature change)
e (1.5uV/° C)*(35° C) =52.5uV
+ Convert the difference in offset voltage to resolution
e Full scale signal is 100mV
e 52.5uV /100mV = 0.000526 (or 0.0526%, or 526 ppm)
e How many bits is that?
2% = 1/(0.000526)
2X =1901
Log, (1901) = x If your calculator does not have a log base 2 function ...
Log,,(1901)/Log,y(2) = X

X = 10.89, or almost 11 bits of resolution are possible with this amount of
temperature drift
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Temperature Drift.: Reducing the Error

¢+ Auto-zero and Gain Programmable Amplifiers typically have
the lowest drift

¢ Integrating gain resistors reduces temperature drift errors

R2 R1 R2

—@ @ r**m—

Gain=-R1/R2

Ratio Changed with / Ratio unchanged

Temperature! with temperature

No Drift!
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Low Frequency Noise

19

At low frequencies voltage & current
noise density rise.

1/f noise has a corner frequency: F.

Voltage noise frequently specified
as peak value for 0.1 — 10Hz

To calculate RMS noise in 1/f region

from F_to F,(where K = noise at 1 Hz):

KeVIn(F,/F))

Multiply RMS by 6.6 to estimate
peak-to-peak value

10 +25V = VS = +15V
N Tp = 25°C
|:_5 8
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[
=
5 \
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w \
w
=
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2 s
o
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N an
0________--___r—___ =
1 10 100 1000

FREQUENCY — Hz

TPC 29. Current Noise Density
vs. Frequency
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A1ers

Op Amp Specifications

Finding the best choice for low frequency applications

+ ADI’s parametric search lets you search for op amps that
meet the specs you need for:

e Offset Voltage

e Bias Current

e Offset Voltage Drift

e Low Frequency Current Noise
e Low Frequency Voltage Noise
e Input Capacitance

e Input Impedance

e Operating Temperature Range
e And more ...

20
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| Parametric Sea

File Edit Wiew Favorites Tools Help ﬂ?

o Back - \) @ @ /D Search WFavontes @ @ ’\ﬁ |_—_] D ﬁ

Address |@ http: /. analog, com/dynamic/parametric/scResultsDisplay, asp?5earchType =P55&Productline =0PA&a=en Vl Go | links * @ ~

Google (G- vicoog) B~ o Bookmarks FageRenk o | ‘P Check v % Autolink » =) AuroFil [eb Send tow 40 (@ settings~
-

T —*

Parametric Search - Operational Amplifiers

If desired, amplifiers can be selected for further evaluation by selecting the "Add Part(s) to Amplifier Parametric Evaluation Tool”, selecting the checkbox next to the desired pari(s), then
clicking the "Add to Tool” button at the bottom of the page.

[search | [ Resettable | | Add Part(s} to Amplifier Parametric Evaluation Tool

Include
pa rameter:

US Price 1000-

u‘u’.fd egC
ADBSSB |..| 15pA 50nVitHz 2 7V-55V 180pA 1 S0OIC, 30T §0.89 30r|WdegC
ADB554 v 10pA 42nVinHz 2.7V-5.5V 975puA 4 S0IC, 30P §3.02 40nVidegC
ADBAT4 v 10pA 51nVintHz 2. TV-6Y 975uA 4 S0IC, 30P §3.05 50nvidegC
ADB552 v 10pA 42nVinHz 2.7V-5.5V 975pA 2 S0IC, 0P $1.71 40nVidegC
ADBAT2 v 10pA 51nVintHz 2. TV-8V 975UA 2 S0IC, S0P 51.60 50nV/degC
ADB551 v 10pA 42nVinHz 2.7V-8V 975uA 1 S0IC, S0P $1.08 40nVidegC b
ADBAT1 v 10pA 51nVintHz 2. TV-8V 975uA 1 S0IC, S0P §1.00 50nV/degC
ADBE28 v 30pA 22nVinHz 2.7V-8V 11mA 1 S0IC, 30T 5085 2nVidegC
ADBE29 v 30pA 22nVirHz 2. TV-8V 1.1mA 2 S0IC, S0P 5145 2nVidegC
ADBE30 v 30pA 22nVinHz 2.7V-8V 11mA 4 S0P 270 2nVidegC
[Search ] [ Reset Table
[ Hide Additional Searchable Parameters ]
IAdd Searchable Parameters Not Currently Displayed Above
[] small Signal Bandwidth [ slew Rate [ Total Harmanic Dist. ~|
@ Done % ‘d Local intranet
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AC Performance Specifications

¢ Bandwidth

+ Slew Rate

¢ Settling Time
+ Phase Margin
+ Noise

¢ Distortion

22
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Gain-bandwidth Product

¢ The usable bandwidth of an amplifier depends on the gain for
which it is configured

¢ Gain * Bandwidth = GBW product
¢ For example:
e An amplifier has a 1IMHz GBW product
+ It only has a bandwidth of 10kHz in a gain of 100 configuration

* Note: This is not true for current feedback amplifiers
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+-3dB bandwidth
e Usually most favorable conditions
e Small signal 0.2Vp-p or less — not slew limited
e Can include some artificial bandwidth due to excessive peaking
+ Gain of 2 bandwidth is less open for interpretation
+-0.1dB flatness
e Gain flatness over frequency
e Critical in video applications
¢ Full-power bandwidth
e Large signal; should be at least 2Vp-p
e May be Slew Rate limited
+ Full-power BW says nothing about distortion
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bandwidth from the front page!

¢+ Peaking pulls the gain plot out in frequency

¢ Gain of +2 less than 1/2 Bandwidth of gain of +1 bandwidth
e Gain bandwidth not constant

Normalized Gain (dB)

Y

FREQUENCY 100 400
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Slew Rate

Slew Rate is the maximum rate of change at an
amplifier’s output in response to a step change at

the input.
voltage voltage
time —— time ———

Slew Rate is expressed in V/us
When driving larger signals, slew rate limits bandwidth
Fuax = (Slew Rate)/21Vpk
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:= Design Tools: Amplifier Parametric Evaluation Tool
Home > Design Center > Design Tools Instructions | Glossary | Error Messages | Submit Feedback
) Amplifier Selection Tools: (Help)
AT i
R ADTIT Edit Amplifier List | Parametric Search | Selection Wizard( Suggest Amplifier [ RsainLatalc
AD7T11 ProductPage Data Sheets SPICE Models Powered by National Instruments LabVIEW,
Select Mode: ® Inverting O Non-nverting O Difference  INPUT SIGNAL Rra
Enter values: | 1 AW
RsRC |0 0 R 1 kO | Renc | Re ¥
sRE = &) TERs il WA——A h _— OUTPUT
| EERIES SIGNAL
RG 1 k0w RserIES (0 0 W | : Inverting A . . -
Ree |2 ko v C 0 pF v| | | /l/ l
|
+Vs |5 RL 100 MO » L ! Raias Vs L R
Ms o -8 I
VREF |0 My | » WREF — =

Input Signal

Output Signal

amplitude ()
amplitude (4
(o]
1

Time (5] Time (s}
Select Waveform: & Sine {:}Triangle O oc Gain Error; ® Excluded O Included  Gain: [-2.000000
Enter values: DC Errors: ® Excluded O Include Positive Errors O Include Negative Errors
Amplitude 1 Vip-p) v _ _ Output Voltage:  \{p-p): |2.000000 V(RMS): [0.670258 V({DC):[0.001578
Frequenc A MHz Hote; This tool uses typical values.
! ¥ il Find out how this tool does calculations. LoQ [caucion: Zmplifier slew rate exceeded. Signal -
OC Offset 0 mt w distortion and excessive errors may occur. Fossikble
zolutions: Reduce signal frequency,
amplitude or reduce closed loop gain.
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Bandwidth Requirements
Slew Rate & Loop Gain Error

+When driving larger signals, slew rate limits bandwidth
¢ Fyax = (Slew Rate)/21rVpk

¢ Rule of Thumb: Select amp with much higher BW than you
think you need

e Make sure slew rate can support this
¢+ Why?
¢ Loop Gain Error: A,
e A not perfectly flat until it crosses A, Gain
o Errorin Ay = 1/(1+A/Aq)

e As A gets closer to Ay, gain error rises ACL\

Frequency
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> Design Tools: Amplifier Parametric Evaluation Tool

Home > Design Cent

r= Design Tools Instructions | Glossary | Error Messages | Submit Feedback

Amplifier Selection Tools: [Help} [

i e
D AD7 v Edit Amplifier List | Parametric Search | Selection Wizard | Suggest Amplifier

Reset to Defaults

A D?1 1 Product Page Data Sheetz SPICE Models Powered by Mational Instruments LabVIEW.
Select Mode: & Inverting O Hon-lnverting O Difference __INPUT SIGMAL Rea
Enter values: ! I
Rsre |0 0 R 1 k0 | Rec |  Ro ik
SRC b BlAs il /- MA——W _ o OUTPUT
SERIES o
I SIGHAL
RaG 1 f(l w RserRIES [0 0 |w | : Inverting AN . . -
Reg |2 ko v cu 0 oF v| | | /l/ l
|
+Vs |5 RL 100 MO » - ! Raias Vs L R
Ms o -5 I
VREF |0 my |« VREF = =

Input Signal

Output Signal

S £ o0s-
i) i)
E g,
5 g
: £ -05-
-1 I I i I I
0 ZE-7 4E-7 BE-7 SE-7 1E-6
Tirme (s) Time (s}
Select Waveform: & Sine {:}Triangle Coc Gain Error; ® Excluded O Included  Gain: |-2.000000
Enter values: DC Errors: ® Excluded O Include Positive Errors O Include Negative Errors
Amplitude 1 Vip-p) & _ _ Output Voltage:  y{p-p): [2.000000 | wyRMS): [0.707107 | w(DC):|0.000000
Erequenc - HHz Mote: This tool uses typical values.
juency - il Find out how this tool does calculations. LO0: yore: Typical Gain Error Exceeds 13. Due to the #
DC Offset 0 mYy - amplifier's frequency dependant open loop gain, along
with the selected closed loop gain and freguency, the
calculated typical output error exceeds 1%, Possikle

29 zolutions: Lower signal frequency or reduce closed W



ERROR
BAND

DEAD: SLEW : RECOVERY TIME i FINAL SETTLING
TIME * TIME
< SETTLING TIME =

¢ Settling time depends on:
e The output step voltage, and
e The settle to percentage of final value
¢ Output settles to 0.1%? 0.01%7?
+ 0.1% accuracy is around 10 bits

¢ Estimate settling time to N bits of accuracy:
te = 0.11(1+N)/f 45 **
AD8091 GBW product = 110MHz, @ G=25 BW =4.4MHz
ts = 0.11(1+14)/4.4MHz = .375us

»  TIME

** valid if output amplitude rolls off @20dB/decade for at least 1 decade beyond f 54,

30
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Settling Time Graphs

ELECTRICAL CHARACTERISTICS (Vs=1+5.0v, Ta= +25°C unless otherwise noted)
Parameter Symbol | Conditions Min Typ Max Units
DYNAMIC PERFORMANCE
Slew Rate SR -4V <VouT<4V, R = 10k 13 Vius
Gain Bandwidth Product GBP 15 MHz
Phase Margin @o 64 degrees
Settling Time tg T00.1%, Ay =-1, Vo = 2V Step 475 ns
| | |
0.5 V/div. \V/\
250 ns/div.
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Why Phase Margin is Important

32

Peaking in the
Frequency Domain
causes Ringing in
the Time Domain As
a result of Low Phase
Margin

dB
o & A N o N oA

Volts

-10
-12

0.2
0.1

0.1
0.2
0.3
0.4
0.5

i
1 10 100 1000
Frequency MHz
p
0.1 0.1 I0.2I - I0.3 0.4 0.5
Time uSec
ANALOG

DEVICES



Phase Margin

+ Any closed loop system has phase margin

e Including closed-loop op amps

+ Example Application:

e A reservoir tank is supplied
by alarge valve

e The goal is to keep some
water in the tank without
overflowing

e Sensors determine when
valve needs to open or close

Fill Valve

Level

<
Sensors

\/@
Out to pump
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Relation Between

Open Loop Gain and Phase
e Phase Margin - Phase Remaining before the Phase Delay through

the Amp Reaches 180 degrees

— Margin of Less than 30 degrees can be a Problem

100 =TT

V+ =5V
V-=0V
2 \\

1 60 45 @
= GAIN :
3 ;
8 40 90 7
3 PHASE R w
.|
> N <
e 20 L om = 57 _A 135 o
(@]

0 Mmu

-20 225
1k 10k 100k ™ 10M
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Standard Current Feedback Ampllfler

Configurations
Inverting Amplifier Non-Inverting Amplifier
Vin
RQ
—\/\/
\Y4
VO”t [ Rf} 1 Vout_[l-i-R_fJ 1
Vin | Ry Rf(1+%+§oJ Vin ; R{“FeO+FeOJ
1+ f g 14 Rt Ry
Z(s) Z(s)
If R, << Rgq If R, << Rqq
Vou (_ Ry ] 1 Vou _ (1+ ! ] 1
in B R Rf in g f
g _1+ Z(S)_ Z(S)
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Current CFB Ampllfler Stablllty Analysis
Case In Point - AD8007

10M

M

Ly
—
=
=
=

10k

TRANSIMPEDANCE -

10k

F I

|
1

DAN

[

L

Loop Gain (Log)

I\

100k

1M

1081

FREQLIENCY - Hz

1008

1G 2G

ag Loop Gain= Z(s)
R, R
a0 Rf[1+RO+ROJ

0
=3l

—4a0

- Degrees

} ‘Loop Gal NeglectingRg

~150 i3 ® Margin Rf

~180 T
210
Unstable!

=270

\: Log,,|Loop Gain = Log,,|Z(s)| - Log,,(R, )
—330

(Ordinate could be calibrated in dB w/ respect to 1Q to
circumvent difficulty of takingthe log of animpedance.)

TPC 10 Transimpedance and Phase vs. Frequency
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R, V

noise (Rf)

(A0
M
noise (Rq) Rg
¥, N\ B
i _ .
noise (1) Noiseless V
g 9 out
Amplifier
I < |
{ & o e
N /\/\/ Noise Galn:[l+ Rf]

g

; ; Inoise (+)

Output Noise Due To Inverting Input Current Noise = (R, fi,,..., )

Output Noise Due To R, Noise = ,/4KTR,

Output Noise Due To Input — referred Voltage Noise = (v__)(Noise Gain)

Output Noise Due To Non — Inverting Input Current Noise = (i ..., )(R, \Noise Gain)

: : R
Output Noise Due To R Noise = (4/4kTRg {R_fj

37 Output Noise Due To R Noise =(,/4kTR kNoise Gain ANALOG
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High Frequency Noise

¢ Low Noise Amplifiers Are Characterized By...
o Low Voltage Noise Densities, e, : <10 nV / VHz
o Low Current Noise Densities, i, : < 10 fA / VHz

¢+ Noise is usually specified in some frequency band
ee.g. 100 Hz to 10MHz

+ Noise can peak near resonances

e Total noise may be higher than can be determined from simple
calculations

Specified Noise j/\

FREQUENCY Noise Peak N
CORNER FREQUENCY @ Resonance

38
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Noise
Combining sources

Uncorrelated noise sources combine root-sum-square:

Total Noise = V(Ep2 + 1.2 + Nge2 + Ng2)
Reducing effect of amplifier noise:

fS
fRLTER foL l
LPF
L — OR ADC
BPF f
ADC
f
fRLTER s
!
LPF
O OR ADC
BPF f
ADC

AMP NOISE INTEGRATED
OVER f¢| OR fapc,

WHICHEVER IS LESS

AMP NOISE INTEGRATED
OVER FILTER BW, fg_TER
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Distortion

Changes in the output wave form relative to the input wave
form

For pure sine wave in the output will have some energy at
multiple of the input frequency - harmonics

SFDR - used for communications and other systems
Spurious-free Dynamic Range in dB
Range between the input signal and largest spurs

THD- Total Harmonic Distortion

Sum of all distortions at all
harmonics

Usually 2nd and 3rd
harmonics contribute the most

Magnitude

40 Frequency ANALOG
DEVICES



¢+ IMD (Intermodulation Distortion [dB])

e Output Signal Energy Resulting from 2 Signal Frequencies (f1
and f2) that are Close together When Applied at the Input

A

@ = SECOND ORDER IMD PRODUCTS
f1 fo @ = THIRD ORDER IMD PRODUCTS

NOTE: f1 = 5MHz, f5 = 6MHz

fo-fq fa+11 3f @Zf +f
~ @ @ 2fp 4 22 p e

/
2f1 - o 2f5 - f1 A 2f1 + 5 | 3fp
1 4 5 6 7 10 11 12 15 16 17 18 ]
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POINT

+IP3 (Third order intercept) characterizes third order IMD

OUTPUT
POWER
(PER TONE)
dBm

42

/

SECOND ORDER
INTERCEPT

THIRD ORDER s
INTERCEPT — N\ 7~ /
/

FUNDAMENTAL
(SLOPE =1) \

SECOND
ORDER IMD

SLOPE =2
( ) \THIRD ORDER IMD

(SLOPE = 3)

e Amplitude of Third
Order IMD increases
3dB for every 1dB
Increase in amplitude of
fundamental

e IP3is where IMD
product amplitude
equals the fundamental
amplitude

+1P3, IP3, and 1dB
compression point
depend on frequency

INPUT POWER (PER TONE), dBm

Y
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Additional Op Amp Performance Specs

+ CMRR

+PSRR

¢ Crosstalk

¢ Input Common Mode Range
+ Rail-to-Rail Requirements

¢ Low Power Applications

43
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Common Mode Rejectlon Ratio (CMRR)

/\
\V

/\
\/

 Adm is the differential mode gain, which ideally is infinite
J Acm is the common mode gain, which ideally is zero

Adm

CMRR =20log——
Acm

J CMRR is important in non-inverting, difference or instrumentation amplifiers
d Inverting amplifier configurations are not (there is no common mode voltage)

44 ANALOG
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Power Supply Rejectlon Ratio (PSRR)

N QY
1

The power supply pins of an amplifier are signal inputs (i.e. supply

voltages). The ability of the amplifier to reject noise and unwanted
signals present on the power supply line is important!

PSRR = 20lo g‘AV'O

Where

 AVio is the change at the output, referred back to the input
3 AVSs is the increment of the supply voltage change

45 ANALOG
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Crosstalk

46

Specification for multi-
channel devices

Measure of how much Vin @ Va
“information” from a channel
IS seen in another channel

- V2 — Vb
Normally specified when
gain and configuration on

each channel is equal

Otherwise Crosstalk may be

different How much of the output Va

do you see on output Vb?

Typically specified in dB Also, how much of input Vin
IS seen on output Vb?
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d Input Common Mode Voltage Range is the maximum range the input can
swing and still operate in the specified limits of the amplifier.

JExceeding the Input Common Mode Voltage Range can cause
the amplifier to distort the input signal or even damage the amplifier!

47 ANALOG
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Rail to Rail Ampllflers
What is a Rail-Rail Amplifier?

/) +Vg )

INPUT OUTPUT

Y GND Y

True Rail-Rail Op Amp

¢ True Rail-Rail Op Amps Can Swing to Within a Few mV
of Their Power Supply Rails, Either on the Input, the
Output or Both

48 ANALOG
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VS
Rail-Rail Analog-Digital
Amplifier Converter

-
\4

VOUT

+ Rail-to-rail amplifiers maximize signal swing between the supply
voltages

+ Many high speed A-D converters operate from single +3V to +5V
supply

49 ANALOG
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+ Unity-gain buffer applications that require the maximum input

signal range
e Example: A unity-gain buffer driving a +3V ADC

¢+ Applications where the input common-mode range is near the

voltage supply
e Example: High-side current monitor amplifier

50
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Rail-to-Rail Input Issues

+ Offset voltage will vary over the input common-mode range
e Could result in low CMRR at certain Vg,

¢ Possible increase in cross-over distortion

¢ In bipolar input stage: Input bias current will switch
direction!
e At high V,,, bias current flows into the inputs
e At low V,, bias current flows out of the inputs

+ Tip: Use an input bias correction resistor to minimize output
error
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Across V., Range of R-R Input!

52

INPUT OFFSET VOLTAGE — mV

1.5

1.0

0.5

-0.5

-1.0

-1.5

—2.0

Vg =3V
Tp = 25°C

0.5

1.0 1.5 2.0
COMMON-MODE VOLTAGE -V

2.5

3.0
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Sometimes a Rail-to-Rail Input is NOT
Needed!

To
ADC Input

Consider: Vi NSi
0V to 5V . Vour=
% OV to 5V

Is the same as: 10k Rail-to-Rail Input Not
—/\\— Needed!
y 5V
IN e -
oviosy  VYVV —  Vour™
10kQ _I__ + 5V to OV
2.5V AV=-1
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Output Saturation Voltage is defined as how close the output

can get to a supply rall

In rail-to-rail output amplifiers, Vgt yax Will vary with output

current and supply voltage

Higher |5, means the output
voltage cannot get as close
to the supply rails

Both for sourcing and
sinking current

OUTPUT SATURATION VOLTAGE (V)

Vg =5V /
0.7 /]
5V ~Vou (+125°0) | Ve /
0.6 5V — Voy (+25°C) 7< =
5V — Vgy (-55°C)
4 §/./’ -
0.4 /// /’/ f
]
0.3 ,/’,.:f,: el
N _—'....-l'
Aé —
0.2 -
%" ] Vg, (+125°C)
——
0.1 ﬁé#’# S Wi (+25°C) ]
éﬁ"’"’ Vo (-55°C) | §
0 - 5
0 5 10 15 20 25 30 35 40 45 50

Figure 22, Qutput Saturation Voltage vs. Load Current

LOAD CURRENT (mA)
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—_—— PNP

OUTPUT
—-o0

NPN

_VS

Maximum Vg7 limited by
saturation voltage

55

_____.‘ PMOS

—O OUTPUT

- - _4{ NMOS
q‘

Maximum Vg7 limited by FET
“on” resistance (10-100Q2)
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Load Resistor Connection

¢ A resistor tied to half-way between the supplies will pull less
current

¢ This increases the maximum output voltage swing
e Because the output current is lower than if R is tied to ground

+5V +5V
IOUTl IOUTZ IOUT2 < IOUTl
- VS. -
R, R
+2.5V
56 ANALOG
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Specifying Vm,-,-,,\,I AX

¢ There are a number of ways to specify a rail-to-rail output
stage in a datasheet

+ Always check for three things:
e What is the supply voltage?
e What is the output current at the V,,; specified?
e Where is the load resistor tied?
+Ground, V+, ACOM?

57
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Look at a Vg, 1 vs. Igyr Graph

It is the easiest to understand, regardless of where R, is tied.

K
Vg = +2.7V
| Ta=+25°C V4
> //
% 100 1//
w
2 A
- SOURCE ' SINK
g 10 yy
- r4
oD y
% /
o | /4
<]
4
o
0.1
0.01 0.1 1 10 100 1k

LOAD CURRENT - mA
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Not as Good as Previous R-R Output

Qutput Voltage Swing (V)
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(V+)
(V+) =0.1V
(V+) =0.2V
(V+) -0.3V
(V=) +0.3V
(V=) +0.2V
(V=) +0.1V

(V=)

OUTPUT VOLTAGE SWING vs OUTPUT CURRENT

—— ]

T = +25°C

/
/
<

—
1

+1

25°C

H-‘
"
ban i)
o

/

5°C

150mV dropout
at ImA sourcing

<

+25°C,

-55°C

0.1

Output Current (mA)
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out IncreaSI ng J»

Operatin gf req ue‘h‘Gy_,.:’
Region

:“'-..Iout

Shor’-;_; Circuitg

Y

IOUt

*Vourmax & lout max are specified at DC

¢+ Operating Region Decreases with Increased Frequency
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Low Power Amplifiers

+The gain-bandwidth product and slew rate are
proportional to supply current
e High speed amplifiers require more supply current

+For general purpose amplifiers (<5MHz)
e An amplifier is considered low power if it draws less than 100pA of
supply current
¢ For high speed amplifiers (>100MHZz)
e Low power is 4mA or less when enabled
e Power-down can reduce current to 0.3pA max

+With some amplifiers, Ig, will vary with:
e Output voltage

+Higher (or lower) Vo1 pulls more current through the output stage —
up to 4x!

e Input common mode voltage
+ A result of unbalanced rail-to-rail input stages
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Low Voltage Op Amps

+ Many competitors claim their amplifiers work at low voltages
+ What is meant by “low voltage”?

+ Anything +3.0V or lower, and dropping...
e Soon it will <+2.7V

+ What is meant by “works”?
e Observe the VDD range in the conditions for the PSRR spec

+Low VDD voltages may increase the input offset voltage, which is
Important for low-offset voltage applications

e Observe the maximum output voltage and output current specs at
the lower supply voltage

+ Make sure they are suitable for your application
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¢ Difference Amps

¢ Instrumentation Amps
¢Log Amps

¢ Variable Gain Amps

+ Differential Amplifiers

63
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Amplifier Integration

+12V
+W's difference amp

High Input Impedance

Resistor Divider Input
Conditions Input Voltages Matched Resistors 0.01%

Larger than Supply Rails
Vin = 120V. +/-Vs =12V

Matched Resistors 0.01% Level Shift, Diff to single-ended

High CMRR vs. Freq, Temp Single resistor set the gain
“A device that measures small,
precision signals in a noisy

Single IC Solution environment ANALOG
DEVICES

High CMRR vs. Freq, Temp

Level Shift, diff to single ended
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Difference Amplifier Application
High Side Current Sensing

¢+ Applications:
e Linear Solenoid Control (Hydraulics)

e Motor Control P
Wr Pwr
¢ Product Selection ) 12V | Loop
o Low Rgyynt. » lOW V. important Reomp
e Tolerate & reject high CMV R MWV cur
. SHUNT
e Temperature Drift )
e Common Mode Voltage Range: Il
L
AD8205 |AD628 AD629 [ Load
G =50 Prqgrammable G=1 )
Lowest Cost |Gain
65 ANALOG
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Instrumentation Amps
Amplification & CMR

+ Advantages JIN
e Balanced, high impedance load

e High CMR @ power line freq
+Rejects common mode noise when a
sensor is located remotely from amp. 4N

e Vref enables bipolar output with
single supply operation

¢ Types of In Amps
e Lowest drift : Chopper Stabilized In-Amps
e Most flexible: Programmable Gain & Offset

ANALOG
Lal DEVICES
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The World Leader in High Performance Signal Processing Solutions
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Log Amplifiers and
RMS Power Detectors




What Does a Log Amp Do?

High Dynamic Range Signal Measurement

%WWV\WH —B»— S /

output signal

Large Dynamic Range RF Signal - Handles
nanovolt to volt signal levels!

What is it used for?

- To measure/control power in a radio transmitter
- To measure received signal strength (RSSI) in radio receivers
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3V

2V
M

10mV 100mV l 1 LOG OUT

—fmm\fmw—ww — —kr%g +Corrp

I 05V
Log Amplifiers Detect LIMITER OUT
o SVM
oV
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Variable Gain Amplifier (VGA)

+ An amplifier whose gain can be electronically controlled. It is
symbolized as an amplifier with an electronic volume control pin

VGAIN

+ Amplifiers used when the gain of the circuit must change
qguickly.
e A separate voltage sets the gain of the amplifier

¢ Used for:

e Time Gain Amplification
(TGA) as in Ultra sound: VGA - SYMBOLICALLY

+ Ultrasound and Sonar
Imaging
e High Performance

Automatic Gain Control Vour =A +B(V,)(Vean)
(AGC) Systems

VGAIN
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Two Types of VGA Applications

Maintain a Constant output:

As the Input signal level varies, the output level is maintained relatively
constant. Example: AGC circuit in a receiver, ultrasound, etc.

THE INPUT RANGE ﬁ_ ”””” /\/ AMPLIFY OR ATTENUATE

IS LARGE U“i“‘ FOR ‘CONSTANT’ OUTPUT

The Input Signal Remains Constant:

The input signal level is constant, and it is desired to vary the output.
Example: Output level control in a transmitter.

:\\“‘~~~s AMPLIFY OR
THE II\ISP;;ESIIDGNAL ATTENUATE TO
| =T VARY THE OUTPUT
- ANALOG
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¢ The Function of a VGA is to Extend the Dynamic Range of the
System in Which it is Used

+ Example:
e The dynamic range of a 10-bit converter is 60 dB
e With a 60dB VGA, the total range is extended to 120dB
+ Approximately equivalent to a 20-bit ADC

e This dynamic range is impossible to achieve with a stand-alone
ADC at high sampling rates

¢+ Key Attributes:
e Linear-in-dB and/or Linear-in-Gain Control Inputs
e Some Include an Integrated Low Noise Amplifier (LNA)
e Low Noise in the Signal Path
e Single Ended or Fully Differential Signal Chain
e Low Power
e Singles, Dual and Quad Channel Versions Available
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Differential Amplifiers
Performance Advantages

73

TYPICAL APPLICATION CIRCUIT

Rejects ground-based o v

noise — important in single {

supply systems Vin /4 AVDD DVDD

High common-mode O moe -
noise rejection g“ = N Ther

Flexible input common-
mode voltage levels

Twice the input signal swing in low voltage, single-supply
applications

Reduced second-order distortion products

Differential input ADCs require a high performance differential
driver
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Analyzing Voltage Levels in Differential
Amplifiers

<
_@_

sF s

|
< \'\/Z
>¢

Vo s = Vo 1 R
V+=V- Vocwum GAIN = out+  "our- _ _F

Vin+ = Vin-
+ and — input currents are zero
+ and - input voltages are equal
Output voltages are 180° out of phase and symmetrical about Ve
Gain = Rp/Rg

L R 2R 4

" Vo= 15V ... 10V swing DEVICES



Summary

+ Many specifications will affect how you choose an op amp
e DC performance
e AC performance
¢ Specialty amplifiers offer improved performance and
Integration for some applications
e Difference Amps @
e Instrumentation Amps
eLog Amps
e Variable Gain Amps
e Differential Amps

25 ANALOG
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